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Abstract Reproduction data of 8689 ewe records
spread over 40 years (from 1960 to 2000) represent-
ing 2952 breeding Barki ewes were used in this study.
The flock belonged to the Desert Research Center in
Egypt. Flock dynamics of nine age groups (2–10 yrs)
were assessed. Two parameters were used to evaluate
flock dynamics, net reproduction rate (Ro) (number of
ewe- lambs reaching joining age and produced by
each ewe during its lifetime in the flock) and intrinsic
rate of increase (rm) (flock growth when no resource
is limiting). Age of ewe had a highly significant (P <
0.01) effect on number of ewes lambing per ewe
joined (EPJ), number of lambs born per ewe joined
(LBJ), number of lambs weaned per ewe joined (LWJ)
and number of ewe lambs reaching joining age per
ewe joined (LEJ.J). All estimates tended to increase
with dams age up to four years and decreased there-
after. The results of Ro and rm showed that the studied
flock must consist of 5 age groups to maintain its size
and replace itself. It may be recommended to cull the
breeding ewe at the age of 6 years to accelerate
genetic improvement.
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Abbreviations
dx age specific death rates
EPJ number of ewes lambing per ewe joined
LBJ number of lambs born per ewe joined
LEJ.J number of ewe lambs reaching joining age
per ewe joined
LWJ number of lambs weaned per ewe joined
rm intrinsic rate of increase
Ro net reproduction rate
Introduction
Population dynamics is the study of factors affecting
the growth and decline of a population. Additions to a
population can occur through birth, while declines in
a population occur through deaths and culling. The
birth and death rates of a population depend upon the
age of the individuals in the population (El-Shishiny
et al. 1987; Pianka 1994 and Oishi et al. 2008). The
number of age groups of ewes depends on the repro-
duction rate. Abegaz et al. (2002) reported that flock
management for optimal age structure should receive
due consideration to improve lambing rate and litter
size in Horro sheep.
Net reproduction rate (Ro) and intrinsic rate of
increase (rm) are two major parameters used to
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measure the flock dynamics. Ro is the number of ewe-
lambs reaching joining age and produced by each ewe
during its lifetime in the breeding flock (Turner and
Young 1969; Pianka 1994 and Rose 2003). The value
of Ro can provide information on the replacement rate
required for maintaining flock size. If Ro is equal to
one, the flock will maintain its size. If it is greater
than one, the flock is increasing in size and if less
than one the flock is decreasing (Pianka 1994). In this
context, rm represents the exponential rate of popula-
tion growth when no resource is limiting. The value
of rm is one of the most important characteristics of a
flock (Pianka 1994). It can be interpreted as the birth
rate minus the death rate. If rm = 0, the flock is stable,
if rm < 0, flock is declining and if rm > 0, the flock is
growing.
In Egypt, there are almost 5.2 million head of
sheep (FAO 2007), out of which one third is
maintained in the western desert specially in the north
western coastal area. Barki sheep, which is the
dominant coarse wool fat- tailed breed of this area,
is known to be well adapted to the harsh prevailing
conditions including poor feeding, heat stress and
diseases.
The objective of this research was to examine the
replacement rates, flock structures and dynamics of a
Barki sheep flock belonging to Desert Research
Center spread over 40 years. Determination of the
best culling policy of such flock was also considered.
Materials and methods
Source of data
Data used in the present study were obtained from a
flock of Barki sheep reared in Ras-Elhekama and
Maryout research stations of the Desert Research
Center during the period from 1960 to 2000. Ras-
Elhekma is located in north western coastal desert of
Egypt, 218 km west of Alexandria. In 1972 the flock
was transferred to Maryout research station, located
some 30 km south west of Alexandria.
Management practices
In Ras-Elhekma research station sheep were kept in
open partially shaded wire — fenced yards. Ewes
management practices were nearly similar in both
stations. Ewes remained within their flock unless they
missed two consecutive lambings, had any serious
unsoundness that impair performance (i.e. lameness,
bad udder and prolapse) or death and were replaced
with younger ewes. Flushing was done two weeks
before mating season. Mating season usually lasted
for two or three estrous cycles and started in June or
July. Breeding rams were replaced every two years
with selected ram lambs. After mating, ewes were
separated from rams and were kept as one group until
lambing.
Lambing season usually started from November.
The effective service date was recorded by matching
markings and lambing dates for the ewes in the
breeding pens. Just after birth, each lamb was
individually identified with an ear tag and was
weighed. Lambs suckled their mothers freely and
were weighed biweekly up to weaning at about
4 months of age, then weaned lambs joined the flock,
and lambs grazed with the rest of the flock.
At the age of 18 months female lambs were
selected for heavier weight, soundness, healthy state
and body conformation. Culling was performed before
mating season, according to the specific criteria, age of
breeding ewes, reproductive performance and hygienic
conditions.
In both stations, the breeding season began in June,
but from 1990 onwards ewes were bred in September.
Feeding
In Ras-Elhekma station, sheep were allowed to graze
the natural range from October to March in neigh-
boring pasture according to range conditions. The
pasture growth depends on rain which varies greatly
from year to year and even within months of the same
season.
During grazing season, liberal amount of wheat
straw (Triticum aestivum) as well as 0.25 Kg/head/
day of a concentrate mixture were offered to the
animals upon returning from pasture according to the
range conditions. The concentrate mixture consisted
of 65% undecorticated cotton seed meal, 12% wheat
bran, 20% rice polish, 2% limestone and 1% common
salt.
During late pregnancy (60 days before expected
parturition) and along early lactation (60 days after
lambing), ewes were supplemented daily with 500g of
the concentrate mixture. During summer months
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(April to September) natural grazing was not avail-
able. Wheat or barely straw as well as berseem
(Trifolium alexandrinum) hay, were offered ad. lib.
to the flock beside the concentrate mixture. Animals
were drenched with vitamin A periodically. In
Maryout research station sheep were fed on berseem
hay ad. lib. Additionally 0.5 to 1.0 kg of a concentrate
mixture was offered daily per head according to their
physiological status. The concentrate mixture con-
sisted of 50% undecorticated cotton seed cake, 18%
wheat bran, 15% yellow maize, 11% rice polish, 3%
molasses, 2% limestone and 1% common salt.
Whenever available, sheep were allowed to graze
alfalfa in neighboring areas from sunrise until before
sunset. Sheep were allowed to drink water twice daily.
Data
Information on the breeding, reproductive and feeding
aspects of the flock was routinely collected by well-
trained technicians. The hand-written records were
transferred to the computer in 2003. A total of 8689
reproductive records collected between 1960 and
2000 representing 2952 breeding ewes were analysed
in this study.
The reproductive parameters studied were:
1. Age specific death rates (dx): they were calculated
from one joining to the next and defined as the
losses from death and/ or culling during any age
interval, expressed as a proportion of the number
of ewes present at the beginning of the interval as
suggested by Turner and Young (1969) and
Mohan et al. (1986).
2. Number of ewes lambing per ewe joined (EPJ).
3. Number of lambs born per ewe joined (LBJ).
4. Number of lambs weaned per ewe joined (LWJ).
5. Ewe lamb mortality from weaning age to age at
first joining.
6. Number of ewe lambs reaching joining age
(1.5 years) per ewe joined (LEJ.J).
The influence of dam age (2 to 10 years) on the
reproductive parameters was evaluated using the
GLM procedure for repeated measures analysis of
variance (SAS 1998). This effect was assumed fixed
except the random error, which was assumed normal-
ly and independently distributed with mean 0 and
variance σ2.The computation of flock dynamics was
done according to Turner and Young (1969) and
Mohan et al. (1986).
Results
It was found that age of ewe exerted a highly sig-
nificant (P < 0.01) influence on all studied parameters
(dx, EPJ, LBJ, LWJ and LEJ.J). It is clear (Table 1) that
estimates of age specific death rate (dx) increased with
advancing age of dam. The lowest and highest
estimate of dx were obtained from two years and ten
years old ewes, respectively (Table 1). Probabilities of
Table 1 Probability of survival for Barki ewes entering the breeding flock and age— specific rates of death, ewes lambing, total lambs




















1 lxð Þ2 (EPJ) (LBJ) (LWJ) (LEJ..J)
1.5–2.5 2 1785 0.077 1 0.962 0.802 0.818 0.649 0.269
2.5–3.5 3 1748 0.110 0.923 0.872 0.835 0.857 0.711 0.304
3.5–4.5 4 1553 0.125 0.822 0.771 0.855 0.897 0.766 0.348
4.5–5.5 5 1238 0.135 0.719 0.671 0.797 0.834 0.727 0.284
5.5–6.5 6 863 0.122 0.622 0.584 0.780 0.808 0.700 0.271
6.5–7.5 7 619 0.196 0.546 0.492 0.796 0.839 0.688 0.241
7.5–8.5 8 400 0.228 0.439 0.389 0.725 0.744 0.578 0.207
8.5–9.5 9 244 0.327 0.339 0.284 0.771 0.840 0.593 0.214
9.5–10.5 10 239 0.369 0.228 0.186 0.725 0.782 0.479 0.127
*All parameters are per ewe joined, 1 lx = lx−1(1−dx−1), 2 lx ¼ lx 1 dx=2ð Þ
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both survival of the breeding ewes at the beginning of
age group (lx) and at average age (lx) decreased with
increasing number of age groups in the flock
(Table 1). Meanwhile, the probability of survival of
the breeding ewes entered the breeding flock at the
beginning of age group at 1.5 years old up to average
age was 0.962 (Table 1). Furthermore, the results in
Table 1 showed that the probability of those breeding
ewes to be alive to the beginning of the next age
group (2.5 years old) was 0.923 and 0.872 at average
age (3 years old). As the breeding ewes advanced in
age, the probability to be alive and stay in the current
flock decreased. Consequently, the probability of
survival of the breeding ewes aged 2 years old
became 0.228 at the beginning of last age group
(9.5 years old) and 0.186 at average age (10 years
old) of the flock size (Table 1).
On the other hand, all other parameters (EPJ, LBJ,
LWJ and LEJ.J) tended to increase with increasing age
of dam up to 4 years old and decreased thereafter
(Table 1).
In Table 2, ∑EPJ increased for the first three age
groups (2 to 4 years old) to reach 0.829 then gradually
and slightly decreased. Furthermore, ∑LBJ increased
with number of age groups of flock structure till it
reached 0.854 at the third age group (4 years old) then
decreased gradually up to 10 years of dam age
(Table 2). In this context, results in Table 2 showed
that ∑LWJ increased with increasing age groups up to
the fourth age groups (5 years), then gradually
decreased until the tenth age.
It is speculated (Table 2) that with increasing the
number of age groups, ∑LEJ.J reached a maximum of
0.304 at 4 years old (the third age group) then
gradually decreased. The value of ∑LEJ.J of the studied
flock with 9 age groups was 0.273, which represents
the cumulated performance of additional age groups.
The number of ewe lambs required for replacement
decreased with increasing number of age groups.
While the total number of ewe lambs required for
replacement year after year would be 0.177, their
number produced and reached joining age was 0.273.
Subsequently, the total number of surplus ewe lambs
would be 0.096. It is clear that the total number of
surplus ewes increased as the number of age groups
increased (Table 2).
It could be noticed (Table 3) that when the flock
contains 4 age groups or less, Ro was less than one.
Meanwhile, Ro value exceeded unity (1.141) at the
5th age group of the studied flock. In this context, rm
was less than zero when the flock consisted of less
than 5 age groups (when no selection from surplus
ewe lambs was practiced) which means that the flock
decreased in size until it includes 5 age groups, since
rm became equal or slightly more than zero (Table 3).
With use of the multiplying factor a flock of 1000
ewes would increase in five years to 1193 ewes
(multiplying factor=1.0365) if all female offspring
entered the breeding flock and were culled after
lambing at six years of age, and to 1469 ewes
(multiplying factor=1.0805) if ewes were culled after
lambing at ten years of age (Table 3).
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2 1.000 0.962 0.802 0.818 0.649 0.269 1.000 −0.731
3 1.923 1.834 0.818 0.837 0.678 0.286 0.520 −0.234
4 2.745 2.605 0.829 0.854 0.704 0.304 0.364 −0.060
5 3.464 3.276 0.822 0.850 0.709 0.300 0.289 0.011
6 4.086 3.860 0.816 0.844 0.708 0.296 0.245 0.051
7 4.632 4.352 0.814 0.843 0.705 0.289 0.216 0.073
8 5.071 4.741 0.806 0.835 0.695 0.283 0.197 0.086
9 5.410 5.025 0.804 0.835 0.689 0.279 0.185 0.094
10 5.638 5.211 0.802 0.834 0.682 0.273 0.177 0.096
1 Per ewe joined, 2 As a proportion of total number of ewes in breeding flock.
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Discussion
There is a strong relationship between reproductive
traits and age structure (El-Shishiny et al. 1987;
Abegaz et al. 2002; Abbott and Maxwell 2004;
Kamalzadeh 2005 and Oishi et al. 2008). Since both
age and breeding status influence production, consid-
eration has to be given to determine the flock age
structure that gives maximal return. The optimal age
structure of a breeding flock is that which gives the
greatest economic return (Kobayashi et al. 2003).
In our study, it was found that the probability of
breeding ewes to survive and retain in the Barki flock
decreased continually through age classes. The de-
cline in survivability with age could be attributed to
less viability, decreased productive and reproductive
performance and the increase in percentages of culled
ewes and mortality rates. The obtained results are in
accordance with those of Turner and Young (1969),
Mohan et al. (1986), El-Shishiny et al. (1987) and
Pianka (1994).
It is apparent from Table 2 that the values of ∑EPJ
and ∑LBJ and ∑LEJ.J reached the peak at the 4th
average age. The highest ∑LWJ value was attained at
the 5th average age. A gradual decline in values of
each of these parameters was observed thereafter.
Similar results were found by Mohan et al. (1986) on
Merino, Nilagiri and halfbred ewes who indicated that
the ewes aged 4 years bore more multiple births
whereas 5-year- ewes were better mothers weaning
more lambs. Meanwhile, El-Shishiny et al. (1987)
found that total kilograms weaned for a Rahmany
sheep flock increased with increase in the age of ewe,
to reach a maximum at the age of 6 years, and
declined gradually thereafter.
On the other side, the annual replacement rate is
based on ewe lambing and the number of old ewes
leaving the flock due to their death and culling during
a particular year, decided the intensity of selection as
well as maintenance of flock size (Rawal and Tomar
1998). In the present study, it was observed that the
number of ewe lambs required for replacement
decreased with increase in the number of age groups.
Meanwhile, the annual replacement rate of the flock
under study was 17.7%. This rate might be taken into
account in the culling policy if we cast the breeding
ewes at 10 years old or more. This means that the
breeding ewe would stay longer in the flock subse-
quently affects the genetic gain. Hence, it is appro-
priate to cull the ewe when they are 6 years old in
order to improve genetic gain, which corresponds to a
replacement of 24.5%. In a commercial flock,
applying this replacement rate might be expected to
have a good economic return. Similar trend was
reported by El-shishiny et al. (1987) who indicated
that in commercial flocks, increasing the number of
ewes in the most productive age group, usually
between 4 and 6 years, is a desired objective. In the
meantime, Turner and Young (1969) reported that the
overall mean of annual replacement was 12.4% of a
flock of Peppin Merino with 9 age groups of ewes.
While, Mohan et al. (1986) reported that the overall
mean of replacement rate was 17.8, 18.2 and 16.7%
for Merino, Nilagiri and halfbred ewes, respectively.
Table 3 Net reproduction rate (Ro) for Barki flock with different age structures and intrinsic rate of increase (rm) for the flock when










lx  LEJ : Jð Þ
P
lxLEJ :J xð ÞP
lxLEJ : Jð Þ
LogeRo
LF antiloge (rm)
2 0.962 0.259 2 −0.675 0.509
3 1.834 0.524 2.506 −0.258 0.773
4 2.605 0.792 3.012 −0.077 0.926
5 3.276 0.983 3.397 −0.005 0.995
6 3.860 1.141 3.759 + 0.035 1.036
7 4.352 1.260 4.063 + 0.057 1.059
8 4.741 1.341 4.301 + 0.068 1.070
9 5.025 1.402 4.504 + 0.075 1.078
10 5.211 1.426 4.596 + 0.077 1.080
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Ro is one of the most important indicators affecting
flock dynamics. The value of Ro provides information
about the replacement rate required for maintaining
flock size. The attained results of Ro showed clearly
that the studied flock must consist of at least 5 age
groups to maintain its size and replace itself. When Ro
was around unity (1.141) with 5 age groups, it would
be expected that the breeding ewes could have been
bred 5 times to replace itself. This result is in
accordance with that reported by Tomar and Mahajan
(1980) who showed that of every 5 ewe lambs born,
only 1 ewe lamb reached the age of the first lambing.
Whereas, Taneja (1966) reported that an ewe needs to
be mated 4 times before she even bears the lambs,
which will replace her. Furthermore, Turner and
Young (1969) concluded that the value of net
reproduction rate of Peppin Merino ewes reached
unity at 4 age groups and decided that the flock would
not be viable unless it has 4 age groups. Meanwhile,
Mohan et al. (1986) declared that the value of net
reproduction rate reached unity at 5 age groups in
case of Merino, at 3 age groups in case of Nilagiri and
at 4 age groups for halfbred.
Obviously, the results showed that the longer the
breeding ewe is retained in the breeding flock, the
more ewe lambs she can produce to replace itself.
Nevertheless, it is not recommended to keep the
breeding ewe for longer time as it will impact the
generation interval and subsequently affects negative-
ly the genetic improvement.
On the other side, rm is an important parameter
used to determine flock dynamics. It was observed
that rm value was negative up to 4 age groups and
became greater than zero with 5 age groups and more.
Hence, it could be deduced that the current manage-
ment practices that tended to keep the breeding ewes
up to 10 years of age lead to production of more than
required lambs for replacement, longer generation
interval (4.6 years vs. 3.8 years) and consequently
delayed the genetic improvement.
It is clear from the aforementioned discussion that
ewe lambs are the main concern and a limiting factor
for the replacement rate. The number of replacement
ewe lambs became available each year in a flock
seems to be one of the most important vital aspects.
Thus, to maintain the flock size, annual replacement
rate must equalize disposal rates (culling and mortal-
ity). Variations in obtained disposal rates give more
chance to choose the most appropriate culling policy
and culling age with optimum age structure. The
attained results showed that as the values of survival
rate increased (lower number of disposal breeding
ewes), the number of ewe lambs required for replace-
ment decreased.
On the other hand, the pattern of Ro showed that
every breeding ewe have to be bred 5 times to
produce one ewe lamb to replace itself. Furthermore,
the obtained results revealed that there is a negative
relationship between values of Ro and replacement
rates. As the values of Ro increased the replacement
rate decreased. Moreover, comparing the summation
of probability of survival and retain of the breeding
ewes in the flock with the replacement rate showed
that as the death rate increases the annual replacement
rate increased, too.
Conclusion
Keeping the breeding Barki ewe in the flock up to
10 years of age has a negative impact on replacement
rate (low), generation interval (longer) and subse-
quently delays genetic progress. It may be recom-
mended to cull the breeding ewe at the age of 6 years.
This culling policy will improve all the reproductive
performance of the flock (EPJ, LBJ and LWJ).
Additionally, applying this policy would have a
positive impact on the total proportion of ewe lambs
reaching joining age per total proportion of lambs
born (35.1% vs. 32.7%).
Moreover, this policy will decrease the generation
interval from the current one of 4.6 years to 3.8 years
and shorten the time needed for genetic progress by
8 months.
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